Abstract -Proteomics is a leading technology for the study of proteins on a genome-wide scale, the objective of which is the large-scale identification of all protein species in a cell or tissue. In plant biology the key for successful proteomic application relies on the establishment of method to obtain high-quality protein samples. In this paper we compare three different procedures, TCA precipitation in acetone,TCA and PVPP precipitation in acetone, and precipitation in Tris-HCl to be applied for the extraction and purification of proteins from the aquatic moss Leptodictyum riparium. Quality gels were obtained with the Tris-HCl and TCA-acetone extraction methods.
INTRODUCTION
The term "proteome" is about 10 years old, since it was initially proposed in 1994 at the Conferences on Genome and Protein Maps (Siena, Italy) as the "PROTEin complement expressed by a genOME" (Wilkin et al. 1996) . Proteomics has been associated traditionally with displaying a large number of proteins from a given cell line or organism on two-dimensional (2D) polyacrilamide gels (O'Farrell 1975) , thus allowing the analysis of a complex protein profile and the identification of a single protein. The quick development of proteomics is due also to the new methods of mass spectroscopy, namely "matrix-assisted laser desorption ionization" (MALDI) and "electrospray ionization" (ESI) combined with "expressed tagged sequences" (EST) available in the database.
One of the most crucial steps in proteomics is obtaining and handling a high-quality protein sample, since protein modification or degradation must be minimised, and a quantitative loss of high molecular weight proteins, such as membrane proteins and/or nuclear proteins, must be avoided. Thus, especially in plant protein studies, several constraints have to be overcome. In fact plant tissues have much lower protein content and the plant vacuole, which occupies large volume of the cell, contains numerous compounds, e.g., organic acids, phenolic compounds, proteases etc., that have deleterious effects during the extraction process.
So far, proteomics have not been applied to the study of protein synthesis in aquatic mosses growing in nature due to several constraints in the application of the methods, such as problems in collecting material, the small size of the plants and, consequently, the difficulty in gathering enough material for standard protein analysis techniques. Therefore, a scale-down to minimum amounts of plant material is necessary. In this paper we compare different procedures for the extraction of total proteins from the aquatic moss Leptodictyum riparium (Hedw.).
MATERIALS AND METHODS
Plant Material -Leptodictyum riparium (Hedw.) was collected at the Botanical Garden of the University of Naples "Federico II". Single gameto-phytes were thoroughly washed with deionised water and then surface-sterilised in 70% ethanol (2 min) followed by 2% NaClO added with a few drops of Triton X-100 (5 min), and then rinsed with sterile distilled water.
Approximately 150 mg of the moss was inoculated in sterile Petri dishes containing 20 ml of Mohr medium (Krupa 1964 Protein extraction -Three different approaches were tested to extract total proteins from the moss: 1) TCA precipitation in acetone (Damerval et al. 1986) , 2) TCA and PVPP precipitation in acetone, 3) extraction with 1.5 M Tris-HCl pH 8.8 and precipitation in 80% acetone.
TCA-acetone extraction -150 mg of fresh tissue was crushed in a mortar with liquid nitrogen. The sample was mixed with 500 µl of extraction buffer containing 20% TCA, 0.2% DTT, and protease inhibitor (Sigma) in cold acetone and was kept at -20°C overnight. After centrifugation (1 h, 13,000 g at 4°C.) the supernatant was removed and the pellet was rinsed in 1.5 ml of rinsing solution (ice cold acetone, 0.2% DTT) without resuspending, and kept at -20°C for 1 h. Then, after a second rinse, the sample was centrifuged (30 min, at 4°C), and the pellet was dried briefly under vacuum (SC110 Savant). The precipitate was dissolved in 100 µl lysis buffer consisting of 7 M urea, 2 M thiourea, 4% 3-[(3-cholamido propyl)-dimethylammonio]-1-propane sulfonate (CHAPS), 0.8% IPG-buffer pI 3-10 NL, 1% DTT, and shaken for 1 h at room temperature. The samples were cleared by centrifugation (30 min at 13,000 g at 18°C).
TCA-acetone and PVPP extraction -In this procedure, the crushed sample was resuspended in 500 µl of extraction solution containing acetone, 20% TCA, 0.2% DTT, 5% PVPP and a protease inhibitor. The extract was centrifuged at 13,000 g (15 min at 4°C) and the supernatant recovered. Acetone (1 ml) was added and the sample was kept at −20°C overnight. The subsequent steps were identical to those described for TCA-acetone extraction.
Tris-HCl-buffer extraction -In this procedure, the crushed sample was resuspended in 500 µl of extraction solution containing 1.5 M Tris-HCl, pH 8.8, and a protease inhibitor. The extract was centrifuged at 13,000 g (15 min at 4°C) and the supernatant recovered. Acetone (1,5 ml) was added and the sample was kept at −20°C overnight. The subsequent steps were identical to those described for TCA-acetone extraction.
Protein determination -Protein concentration of the samples was determined by Bradford's method (Bradford 1976) . Clear supernatants were stored in aliquots of 200 µg of proteins at -80°C until use.
Isoelectrofocusing (IEF) -An "Immobiline DryStrip gel" 7-cm long and with a range of pH 3-10 NL (Amersham Biosciences) was rehydrated overnight at room temperature in a rehydration tray (Amersham Biosciences) with 200 µl rehydration buffer (RB) containing 6 M urea, 2 M thiourea, 0.5% CHAPS, 10% glycerol, 0.002% bromophenol blue, 0.5% IPG-buffer pI 3-10 NL, 0.28% DTT and added to the protein solution. After rehydration, the strips were rinsed with MQ H 2 O for a few seconds and blotted lightly to remove excess water. The rehydrated IPG gel strips with protein were put into the "Ettan IPGphor manifold" (Amersham Biosciences), gel side upwards and acidic ends facing towards the anode. Two filter paper electrode pads were moistened with deionised water and placed at the anodic and cathodic ends of the IPG strip. The IPG was covered with cover fluid (Amersham Biosciences). IEF was performed using the Amersham Biosciences Ettan IPGphor IEF System at 20°C according to the following steps:
Step After IEF, the strips were stored between two sheets of aluminium foil at -80°C.
IPG strip equilibration -The strips were equilibrated first in 5 ml of equilibration buffer A (6 M urea, 30% glycerol, 2% SDS, 0.002% bromophenol blue, 50 mM Tris-HCl pH 8.0, 4.6 mM DTT) for 30 min on a shaker and after in 5 ml of equilibration buffer B (6 M urea, 30% glycerol, 2% SDS, 0.002% bromophenol blue, 50 mM Tri-HCl pH 8, 0.22 mM iodoacetamide) for 30 min on a shaker. Silver staining -The gels were fixed in 100 ml of fixing solution (40% ethanol, 10% acetic acid) and left overnight on a shaker at room temperature. The gels were washed for 20 min in 30% ethanol, 20 min in 20% ethanol and 20 min in MQ H 2 O. Sensitizer (0.02% Na 2 S 2 O 3 ) was applied for 1 min and the gels were washed 3 times (20 sec each) in MQ H 2 O. Silver stain (0.2% AgNO 3 , 0.02% formaldehyde) was applied for 20 min. The gels were washed 3 times (20 sec) in MQ H 2 O. Developing fluid (3% Na 2 CO 3 , 0.05% formaldehyde) was applied for 3-5 min. The gels were washed 20 sec in MQ H 2 O and Stop Solution (50% methanol, 10% acid acetic) was applied for 2 h. Finally, the gels were washed 10 min with MQ H 2 O. The gels were scanned with scanner Duoscan AGFA and were put under vacuum in 1% acid acetic solution.
Separation on polyacrilamide 2D-gel

RESULTS AND DISCUSSION
2D electrophoretic gels of moss proteins extracted with acetone-TCA and Tris-HCl are shown in figures 1 and 2, respectively. The addition of PVPP to the extraction buffer did not improve the quality of the gels (data not shown) and therefore the procedure was discarded. Protein amount was higher with the Tris-HCl extraction procedure (about 3 µg/µl) than with the acetone-TCA one (about 2 µg/µl). Each procedure has its pros and cons. Both methods allow the downscaling of the material necessary for the extraction. Good results can be obtain with TCA precipitation (figure 1) but an improvement of gel quality, more efficient removal of interfering substances, was achieved by using the Tris-HCl approach (figure 2). However both methods show a bias towards certain proteins, we may consider the Tris-HCl procedure as the most suitable for analysing L. riparium proteins.
